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RESIMRCHMEMORM$DUM

EKEE‘FLZGHTINVESTIGA’JIKLNOF CONTROLEFFECTIVENESSOF FULL-

SPAN,O.24HORD PIAINAIXERONSAT HIGH SUBSONIO,TRANSONIC,

AND SUEIERSOT!71CSIEEDSTO IiETERMINESOME EFEEC!ISOF

WING SWEEPRACK,m, ASPHCTRATIO,AND

W3!IONWHICKNES& RATIO

By CarlA. Ek.ndahl

stlmARY

An aerodynamic -control-effectiveness investigation using
free -flightrooket-propelled RM-~ test vehicles is Iming conducted
lIy the PilotlessAircraftResearohDivislcmof the IangleyMemorial
AeronauticalI.aboratory.Resultshave been o%tainedrecentlywhich
indicatesome of the effectsof wing taperratio,section-thickness
ratio,wing aspectratio,‘Wadsweepbacken the rollin~effective-
ness of pla3nfull-qpn 0.2-ohordsealedailerons- The ailorcm
controlcharacteristicsof untapered,45° sweptlackwings of aspect
ratio 3,0 were foundto be ~enerallythe camefor the MICA 67-006
and NACA 65-009 airfoilsections,neitherconfigurationexhibiting
abrqptchangesin effectivenessin the Mach nuxherrangeinvestigate.
The tapered 45° sweptbackwings of aspectratio 3.0 andNACA 65-009
airfoilsoctim o.xhi’biteda smallabruptchangein rollingeffso-
tivenessin the Mach nuni%erran~efrom G*$)2to 1,00whichwas not
characteristicof untapered-s testeshavingthe same sweep,
aspectratio,and section. A reauctionin aspect ratio from 3s0
to 1,75 for unswept,untaperedwimgjsresultedin an appreciable
increaseof rollingeffectiveness-Both aspect-ratioconfiwa-
tionsefiibitedundesirable
speeds●

contiolcharact&eisticsat tian;onic

IXTRODUOTION

At the presenttime the PilotlessAiroraftResearchDivision
of the IangleyMemorialAeronau%ioallaboratoryis engagedin an
experimentalinvestigationof aerodynamiccontroleffectivenessat
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high subsonic,transonfc,and supersonicspeedsusing rocket-
propel.ledfree-flighttestvehicles. The exploratoryphaseof
this progremis beingconductedwith theRM-~ testvehiclewhich
i~ describedin reference1- Also includedin reference1 is a
descriptionof theRM-5 instrumentationandmeasurements}a
discussionof thecapabilitiesand limitationsof the testing
technique,end a presentationof firstresultsobtainedusingthe
RM-5 technique.Thosefirstresultsindicatedsomeof the effects
of wing sweep%ackand section-thicknessratioon the rolling
effectivenessof plainfla&type sealedaileronsover theMach
numberrsn~efromshoutO.~ to 1.40.

The presentreportincludesresultsof recentRM-5 launchings
whichindicatesomeof the effectsof wing aspectratio,taper
ratio,section-thicknessratio,and wing sweepbackon the rolling
effectivenessof plainfull-spsn0.2-chordailerons. Also included
in the presentreportare resultswhich indicatethe influenceof
the finitetorsionalrigidityof theRM-5 wingson the effectiveness
of the atleronso Certaindata’from reference1 are reproducedin
the presentreportfor comparison,

.SYMBOLS]:.: —
,.

,., . .

& ,,
win&tlp’helixan@e, radians .,

‘2V ,...,-.

p.., ro~ing velocity,radisnsper second ‘.

II diAmetfmof ci.rde sweptbyj~:g”ti-ps,feet .. ‘
,,

v’ ‘fli’&t-pa;h.velocity,feet per second

CD dragcoefficientbasedon the totalexposed,,wingarea of
.I.i563 squarefeet

, “M Mach number .. , .,

A wing sweepbackof 50-percent-chordline

A aspectratio (/)”il~ s~

Iq diameterof cirolesweptby wing tipsminus fuselage.diameter
., —

S1 exposedareaof two wing panels

.

-.

—

.

.

.—

—

,.

“

..—

L wing taperratio (et/cr) ‘
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e

“wingroot chord

.

3
..”

at sideof fuselage ..... .......

wing-tipchord.,

controldeflectionme@red in f~ee-stresmdirection

mo~nt .ofinertiaaboutIongttmdinalaxis

()wing torsionalstiffnessparameter ~

concentratedbouplelappliedat wtig *ip in planeP=~~el to
model centerline end normal to wing chordplene,inch-pounds

angleof twistproduced
h pleneparallelto

by m at any sectionalongwingspan
nmdel centerline,radians

DESCRIPTIONOF TEE?PVEHICLES AND TESTS .

Test Vehicles

The generalarrangementof the RM-5 test”vehiclesused in the
presentinvestigationis shownin the drayingof figure1 rxyl‘the
photographso’ffigure2. ,Themodelsareconstructedmainlyof wood
for ease of constructionand lightness.me body is of balsa
exceptat the wing attachmentwhere spruceis used. The wingsare
constructedof leminatedsprucewi.thmetalstiffenersinlaidinta
the upperand lowerwing surfacesto providethe requiredtorsional
rfgidity.

A sl.mmaryof
whichresultsare
table:

. .

. .
.

the characterist?.csof the confi$mratlonsfor
presentedin this reportis give~in the following
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Model Aspect

number ratio

-L

A

50(a)

m(b)

Z+(a) i

5Wa)

/
~(a)

56(a)

57(a)

57(b) /
I

,

3.0

3.0

3.0

3.0

3.0

3.0

1.~

1●75

Taper

ratso

A

1.0

1.0

1.0

1.0

.5

.5

1●o

1.0
I

o“

c)

45

45

45

45

0

b ‘“

Average i
XJACA aileron

awfo-11. deflection, , (Oh3?tp)

eectlon

(kg). i

65 -O@ 4.4 I o●1095
~

&j-c(~ 4.6
I

.lll)

65-w 5.6 .111o

65-006 5.0 .0862

@oog 6.0 .Ogl

I

65-009 6.0 1, .0770

65-009 .5.0 .0901

65-W9. ,, 5.0 .&W1.

.

Source

Referenoe 1

Referenpe

Re%renm

Prment

teeim

Present

teats

Preeent

teats

Present

teetEl

P&&nt

- teBtE
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In ell tests,the %o@-shape, the exposedwing area (225 sq in.).
and the control(0”.2cfull-spansealedplainflap, Saz ~“) were
constant. The tiirfoilsectionsand contrbldeflectionswere always
measured-inthe fre”e-streemdirection. The aileronwas formedlx ‘
deflectingthe sectionchord,,line

Test

A completedisc&sion of the

.
at the O,& point. ‘

Method ‘

RM-~ testingtschnique,accuracy
of measurements,reductionof data,and the evaluationof results
is givenin reference,l;however,a bkiefdescriptionof the testing

, methodfollows.
,, -,

,.

TheRM-~ testvehicleconststsof a,pointedcylindricalbody “
at the rear of which we attachedthre’ewingshavingpreset,”fixed
aileroncontrols. The models”are propelledby a rocketmotorwhich
producesa thrustof,about1600 poundsfor about1 second. The .
modelsare launchedat en elevationangleof 75° from a rail-type
launcher. At the end of the l-eeoondrocket-burningperiod,the
flightvelooityis of the orderof 1~ feet per second. In flight, ‘
the rollingvelocity producedby the aileronsis measuredby
meens-of specialradioequipnentdesi~ated “spinsonde.’rThe
rollingvelocitymeasqrements~in conjunctionwith”Dopplerradar
flight-pathveloqitymeasuY6mentsand &tanospheri’cdata o%tainedwith
rediosondes,permitthe evaluationof the;ailerohcohtroleffec- ,
tivenessin termsof the pararmter pb/2V aa a functionofMaoh
number. The above-de,scribedmeasurementsare obtainedin a
12-qecondperiodfollowingrocketburnoutduringwhichperiodthe
flightpath is essentiallystraight. It shouldbe noted that,
sihcethe testsdescribedin reference1, the rengeof the Doppler
radarhas %een extended,therebyincreasingthe usefulpart of
the flightfrom 5 secondsto.thp.aforementioned12 seconds.,;,.

Typical.curvesof Reynoldsnum%erversusMaohnuanberfor the
presenttestsare givenin figure3. The Reynoldsnumberis based
on the aver~e exposedwing chord iti,the‘flightdlrection,~p

.: .,,. . .... ... .,,, .,,. .
,,,,

Effectof WihgjTorsionalStiffness’ . “
, .. .,

It was reco~ized at the outsetof the presentinvestigation
that the loss of aileron:rollingpowerdue to wing twistingwould
have to he reducedto a ‘sati&factoryminimum.”Usfig available
methodsof.c~culat$on,.(reference2), it was possibleto design
the ~swept wings so that the loss in roll~hgpowerdue to win&
ttistingdid not exceed,about20 percefit:.ataMach’numberof 0.8: ‘“.. ... .. ...

cQ~m-J-J& .“ “
,,

,......... >,*..



Furthermore,approximatecalculationsfor unsweptwingsat a
nuniberof 1.4 indicatedthatthe loss of rollingpowerwould

.,,,.

L71?30

Mach
he

of the’:sameorderas at a Maoh numberof 0.8. It-waspossible,
therefore,to desigqrationallythe unqweptwings so thatthe,loss
in aileroneffectivenesswouldnot %e excessive.

The designof the sweptwingewas nece.s.earilyarbitrarybecause
no rationalprocedurewas available. It was thereforedecidedto
test two swept-wingconfiguqxitionswhichwould.beidenticalexcept
for the degreeof win”g’torsionqlstifrne.ss,,~hesewingswere
sweptback&jO and were of aspect,iatio,3.0,,taperratio.0,7, and
NACA 65-009 airfoilsection. In one configuration(model55a),
0.20-steelinlaystiffenerswere employed;this constructionis
generallyused in this invest~gation,(Seefig. 1~) In the other
configuration(model56a), 0.20-d,vminuminlaystiffenerswere
employed, (Seefig. 1.) The.wing-stif#hesqcurves of,figure4
indicatethatthe wingsof nmdel5~,awere approximatelytwiceas
stiffas%he wingsof model 56a qxceptfor the part of the wing
spanoutbdardof the ~d of the metal tnl~s. Desp3*ethe .
differencein wing stiffness)”thecurvesof ,pb/2V versus Mach
nw.tiberfotith$ two’models,figure-b,agreewell withinthe oriier
of accuracy;’asindicatedby testsof supposedly.identicalmodels.
This agreementipdlcatesthat the wing t.orai~na~stiffness”for
bothmodelswas sufficientto,kpep the Iose.ofaileronrolling
powerdue.towtng twistingtoa mintmwn,sa+isfactoryfor the.
purpoeesof the presenttests..Fur~hermore$for.pl.lof the wings
used in thisc’ontro~investigationof the same,orderof stiffness
or stifferth+ the aforementionedidngsji~”maybq,co~cluded.that
the effecteof ting twistingare smallover”,thqr~ge of Mach numbers”
inve~tigatedin these-+est~. ; . -. ...”“,‘ .> ,.

..,-,.

RESULTSANDDXSC7JSSION”’

,, ... ..”
.’ . .-

,“.. . ..:

The reaultsof the pr6&~t i~ves%~gationare.presentedin
figure5 as curvesof wing-tiphelix&ngleend dragcoefficient
versusMach nutnlerusingthe methodof datareductiondescribed
in reference1. Theseresultsare,comparedwith.some.ofthe results
from reference1 in figures~ and 7.

..
.,, ,,. ,.. “.

,, . AileronControlCharacteristics . . .

.

.

,.

.

.

.. ;:”.. .— .”=

,--. .. .

‘,””

$.

Effectdf section-mftitiessratio.-~~
thicknessratiocm aileron.effectivenessf~r
wings is sham in figure“6, b general,the

,“,

&-.

,,
.’: I

.

f$’feetof section. o
4~0.sweptback,Untaperbil’‘
aileroncharacteristics a.
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for the two section-thiclmessratios(0.06and 0.09) investigated
are in agreement exceptat the higherMach num%erswhere the lower
effectivenessof the thinnerseotionis attributedto greaterwing
twisting. For both configurations”therollingeffectiveness
decreasedwith increasingMach numberfor the Mach numberrange
Investigated.

Effectof taper ratio.- The effect of taperratioon the
rollingpowerof plainailercnsof 47° sweptbackwingsof aspect
ratfo 3 and NACA 67-009airfoilsectionis shownby the comparison
of the resultfor models53a and 75a} figure6. Whereasthe
variationof pl/2V over the Mach numberrangeInvestigatedis
substantiallysmoth for the untaperedwings,a smallabruptloss
in effectivenessis measured~or the taperedwings in the Mach
numberrangefrom about0.92 to 1.00. AboveMach numler1.0, the
rollingeffectivenessdecreaseswith increasingMach numberover
the Maoh numberrengeinvestigated.

Effect.of amect ratio.-The effeotof aspectratioon the
rollingeffectivenessof the aileronstestedon unswept,untapered
wings of NAC!A65-009airfoilsectionis shownin figure7. The
aileron-effectivenesscharacteristicsas a functionof Mach number
are, in general,the samefor the two aspectratiosinvestigated
with the exceptionthat,for the loweraspectratiowings,the
b~eak in the effectivenesscurvesoccursat a slightlyhigherMaoh
number. The aileroneffectivenessfor the low-aspect-ratiocon-
figurationsis markedlygreaterover the entireMaoh nuniberrange
investigated.At Mach numbersa%ove1.0 the loweraspectratio
wing retainsa largerpart of the subsonicrollingeffectiveness
them does the higheraspeotratiowing. A%oveMach nuniber1.0,
the rollingeffectivenessfor both configurationsdecreasedwith
increasingMach number. Both configurationsefiibitedundesirable
controlcharacteristicsat trensonicspeeds, In examiningthe
pb/2V data in the Mach numberrangefromO.9 to 1.0, figur67,
it shouldle noted,ae pointedout in reference1, that the effects
of finfterollingmomentof inertiaon the instantaneousvalues
of pb/2V can be relativelylarge,of the orderof *2O percent,
for abruptchangesin pb/2V. For gradualchemgesin pb/2V the
effectof finitemomentof inertiais negligible.Part of the
differencesin the rollingpowerof models50a and ~Ob and models‘jYa
and 57b is due to inadvertentdifferencesin ailerondeflections.
The averageatlerondeflectionsfor models50aj~Ob, 5Ta, and57b
were approximately4.4°,4,0°,end 5.0°,respectively.No attempt
has been made to correctthe pb/2V data to a commonaileron
deflectionbecausethe variationof the aileroneffectivenesswith
deflectionis uncertain.

>-
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/ Drag.Measurements
.,

The drag-ooefficien%da% o’btaine~in the presentinvestiga-
tion are lnclud@ as a matterof Interestand to illustratethe
relationbetweentransoniodrag rise and cpntroleffectiveness.Ih
examiningthesedata,considerationshouldbe made of the seotion
angle-of-attackdistri’but$onalong$he wing spsncausedby model
rotation, The trendsof the’resul.ts,however,am in agreementtith
the resultsof the free-flightrocket-propelleddrag investigation
deso~ibedin reference3. It is interesting‘@ note that the,con-
figurationswhich exhibitedabruptchangesin controleffectiveness
at trensonicspeedsalso exhibitedthe largestdrag increasesat
transonicand supersonicspeeds.

CONCLTJSIONS~,,,,.

The followingcohcluslonsrelatingto the aerodynamiccontrol
effectivenessof plain,0.2-chord,full-spansealedaileronsare
indicatedby the testsbeportedherei~:. ,.

,.

..

. .

. .
. . .

.

1. The controlcharacteristicsof untapered,k5° qweptback
wingsof aspectratio’3,0were gener@ly the samefor both the
NACA 65-006andNACA 65-009afrfoi~sections,neit~erconfiguration
exhibitingabruptchsngesin effectivenessin theMaoh numberrsnge .
@vestigated.

. .
..,

,.
2. The tapered,h5° sweptback”wingpof aspectratio 3*O md

~ACA 67-009 airfoil.sectionexhibiteda srgallabruptchangein
rollingeffectiveness”in the Mach nuniherrangefrom0.92 to 1.00 “-
“whichwas not characteristicof untaperedwingstestedhavingthe
ssme sweep,aspectratio,and section.

3*’Areductionin-aspectratiofrom 3.0 to 1.75 for unswept,
untaperedwingsresulted.in a markedincreaseof rollingeffectt~eneiss. .

Both asp90t-ratiaocmfiguratitamexi2i~M.edund*&ahleccmxtrol
ohsracteristiosat tremsan.ioepeede

LangleyMemor3.alAerm.autioalI@orat&y’
NationalAtlvisory(1-tiee for Aeranautios

-yFie~&, Va~ ‘ ,
., . . .

,.,

..

-3
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(a) Configuration54. (b) Configuration55. (c) Configuration57.

Figure 2.- Model configurationstested.
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